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Supplementary Fig. 1. Expression profile of miR-27b in breast cancer patients.	
(a)  Data from The Cancer  Genome Atlas  showing the miR-27b expression in luminal  type breast 
cancer  patients  (n  = 52)  who received the taxane-based adjuvant  chemotherapy.  The P-value was 
calculated using Mann-Whitney U test. 	
(b) The expression level of miR-27b among the six matched pair cases that contained normal and 
cancer tissues in (a).	
(c, d) Expression profiles of miR-24 and miR-27b in normal breast tissues and MCF7 cells. Data are 
represented as the mean ± SD of n = 3 replicates. 	
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Supplementary Fig. 2. Establishment of miR-27b knockdown cell lines. 	
(a, b) A schematic illustration of the miR-27b sensor construct used in the experiment shown in (b).	
(c)  A dual-luciferase  assay  showing  the  efficiency  of  knockdown of  miR-27b  in  MCF7-luc  anti-
miR-27b cells. Control cells (MCF7-luc anti-NC) stably expressed a non-specific antisense sequence. 
The cells were co-transfected with the pTK-GLuc-27bs and pSV40-CLuc vectors expressing Gaussia 
luciferase (GLuc) and Cypridina luciferase (CLuc), respectively. The level of miR-27b expression was 
determined as the ratio of GLuc to CLuc activity. Data are represented as the mean ± SD of n = 3 
replicates. Statistical significance was determined by Student’s t-test (* P < 0.05).	
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Supplementary Fig. 3. Construction of the PPARG 3’UTR vector.	
(a) A schematic illustration of the PPARG 3’UTR vector.	
(b)  A dual-luciferase  assay  showing  the  efficiency  of  knockdown of  miR-27b  in  MCF7-luc  anti-
miR-27b cells. MCF7-luc anti-NC or MCF7-luc anti-miR-27b cells were transfected with the PPARG 
3’UTR vector shown in (a). The level of miR-27b expression was determined as the ratio of Gaussia 
luciferase (GLuc) to Cypridina luciferase (CLuc) activity. Data are represented as the mean ± SD of n 
= 3 replicates. Statistical significance was determined by Student’s t-test.	
(c) Expression of miR-27b in MCF7-luc miR-27b o.e. cells. Data are represented as the mean ± SD of 
n = 3 replicates. Statistical significance was determined by Student’s t-test.	
(d) Flow cytometric analysis of ABCG2 expression in the SP-fraction of MCF7 cells. FSC, forward 
scatter.	
	

Supplementary Fig. 3 (continued)	



Hoechst-Red (675 nm)	

H
oe

ch
st

-B
lu

e 
(4

50
 n

m
) 	

ZR75-1-luc anti-NC	 ZR75-1-luc anti-miR-27b

b	

Ko143 treatment 

0

0.5

1

1.5

2

2.5

anti-NC anti-27b

SP
-fr

ac
tio

n 
(%

)	

P = 0.0032	

c	

ZR75-1-luc cells

M
C

F7
	

Si
ng

le
 C

el
l P

C
R
	

a	

MCF7 derivatives	

0
10
20
30
40
50
60
70
80
90

100

-9 -7 -5 -3

anti-miR-27b
anti-miR-NC

Cisplatin (M)	

d	

C
el

l v
ia

bi
lit

y 
(%

)	

Supplementary Fig. 4	



Supplementary Fig. 4. Down-regulation of miR-27b enhances the SP-fraction of ZR75-1 cells. 	
(a) Single cell qRT-PCR analyses of miR-24 and miR-27b expression in MCF7 cells. Expression levels 
were normalized to those of RNU6B.	
(b) Flow cytometric analysis of the SP-fractions of ZR75-1-luc derivatives.	
(c) Quantification of the SP-fractions of ZR75-1-luc derivatives. The SP-fraction was determined as 
the difference between the level of Hoechst 33342 staining in the presence and absence of the ABCG2 
inhibitor Ko143. Data are represented as the mean ± SD of n = 3 replicates. Statistical significance was 
determined by Student’s t-test.	
(d) Dose-response curves of MCF7-luc anti-NC and MCF7-luc anti-miR-27b cells treated with 
cisplatin. Cell viability was normalized to that of the corresponding cells treated with DMSO. The red 
dashed line indicates the IC50 value. Data are represented as the mean ± SD of n = 3 replicates.	
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Supplementary Fig. 5. Functional analysis of miR-23b in MCF7 cells.	
(a) Expression levels of miR-23b, miR-27b and miR-24 in NCC patients (n = 26).	
(b) Flow cytometric analyses of the SP-fractions of MCF7-luc derivatives.	
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Supplementary Fig. 6. MiR-27b inhibits the generation of tumorigenic cells in the SP-fraction. 	
(a) A qRT-PCR analysis of relative miR-27b expression levels in MCF7 and ZR75-1 cells. The 
expression level of RNU6B was used for normalization. Data are represented as the mean ± SD of n = 
3 replicates.	
(b) Bioluminescent images of tumours in NOD/SCID mice injected with MCF7-luc cell derivatives. 
The cells were injected into the mammary fat pad of the mice (n = 4 animals and 105 cells per animal).	
(c) Bioluminescent images of tumours in NOD/SCID mice injected with docetaxel-treated MCF7-luc 
cell derivatives. After exposure to 5 nM docetaxel for 4 days, the cells were injected into the mammary 
fat pad of the mice (n = 4 animals and 105 cells per animal).	
(d) Flow cytometric analysis of the SP-fraction of MCF7-luc anti-miR-27b cells that were treated with 
2 nM or 10 nM docetaxel for 96 h.	
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Supplementary Fig. 7. Expression level of miR-27b in CD24low cell fraction.	
(a) QRT-PCR analysis coupled with flow cytometry analysis in MCF7 cells.	
(b) Flow cytometry analysis of CD44 and CD24 expression in MCF7-luc anti-miR-27b cells.	
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Supplementary Fig. 8. Functional analysis of ENPP1.	
(a–c) The expression levels of ENPP1 and ABCG2 in the SP-fraction of MCF7 cells, as determined by 
qRT-PCR analysis coupled with cell sorting. Data are represented as the mean ± SD of n = 3 replicates. 
Statistical significance was determined by Student’s t-test.	
(d) Luciferase activities in MCF7 cells transfected with the pTK-GLuc reporter construct containing 
the  wild-type  3’UTR  of  ENPP1  (50  ng),  an  expression  vector  harbouring  a  miR-27b  antisense 
sequence or a non-specific miRNA sequence (miR-NC), and the pSV40-cLuc vector (50 ng). The ratio 
of Gaussia to Cypridina luciferase activity was determined. Data are represented as the mean ± SD of 
n = 3 replicates. Statistical significance was determined by Student’s t-test.	
(e) Immunoblot analysis of ENPP1 expression in mock transfected MCF7-luc cells or MCF7-luc cells 
transiently expressing ENPP1-MF.	
(f) Efficiency of knockdown of ENPP1 in 293T cells.	
(g) Co-immunoprecipitation analyses of 293T cells expressing ENPP1-MF and ABCG2-HA.	
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Supplementary Fig. 9. The N-terminal region of ENPP1 is important for the physical interaction 
with ABCG2.
(a) A schematic illustration of the ENPP1 deletion mutants used in the experiment shown in (b).
(b) Co-immunoprecipitation analyses of 293T cells expressing ABCG2-HA and the ENPP1 deletion 
mutants.
(c) Co-immunoprecipitation analyses of 293T cells expressing ABCG2-HA and ENPP1-MF, an ENPP1 
deletion mutant (mt4), or GFP as a control.
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Supplementary Fig. 10. Mammosphere culture for CSC generation.	
(a) Immunoblot analyses of ENPP1 expression in MCF7-luc cells stably expressing ENPP1-MF.	
(b)  Flow cytometric  analysis  of  ZS-DR1 positive cells,  representing those in which miR-27b was 
down-regulated, grown under adherent (Ad) and mammosphere (Ma) culture conditions.	
(c) Immunoblot analysis of ALDH expression in MCF7-luc ZS-DR1-27bs cells grown under Ad or Ma 
culture conditions for 7 days. b-actin was used as a loading control.	
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Supplementary Fig. 11. The role of ENPP1 in tumourigenicity of MCF7-luc cells.	
(a) Bioluminescent images of tumours in NOD/SCID mice that were subcutaneously injected with 
MCF7-luc ENPP1-MF cells (n = 3 animals and 106 cells per animal).	
(b)  Bioluminescence  images  of  tumours  in  NOD/SCID  mice  that  were  injected  with  or  without 
docetaxel-treated MCF7-luc cell derivatives. After exposure to 5 nM docetaxel for 4 days, the cells 
were injected into the mammary fat pad of the mice (n = 6 animals and 105 cells per animal). MCF7-
luc ZS-DR-27bs cells were used as a positive control (n = 4 animals and 105 cells per animal).	
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Supplementary Fig. 12. Metformin induces miR-27b-mediated suppression of ENPP1.	
(a) Original data of western blot analysis in Figure 8b. Immunoblot analyses of ENPP1 expression in 
ZR75-1-luc anti-NC and anti-miR-27b cells incubated with metformin (0.1–10 mM) for 72 h. b-actin 
was used as a loading control.	
(b)  QRT-PCR  analysis  in  MCF7  cells  after  48  h  incubation  of  100  mM  metformin.  Data  are 
represented as the mean ± SD of n = 3 replicates.	
(c) Flow cytometric analysis of the SP-fractions of MCF7 cells after 48 h incubation of 100 mM 
metformin.	
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Supplementary Fig. 13. Evaluation of miR-27b, ENPP1 and ABCG2 expression in luminal B and 
basal-type breast cancer.	
(a) Kaplan-Meier representation of the probability of recurrence-free survival in 107 luminal B-type 
breast cancer cases classified according to the expression levels of ABCG2 and ENPP1. The P-value 
was calculated using a log rank test.	
(b) Kaplan-Meier representation of the probability of recurrence-free survival in 182 basal-type breast 
cancer cases classified according to the expression levels of ABCG2 and ENPP1. The P-value was 
calculated using a log rank test.	
(c) A qRT-PCR analysis of relative miR-27b expression levels in MCF7 and basal-type MDA-MB-231 
breast cancer cells. The expression level of RNU6B was used for normalization. Data are represented 
as the mean ± SD of n = 3 replicates.	
(d) The expression level of ENPP1 protein in MCF7 and MDA-MB-231 cells.	
(e) Flow cytometric analysis of MDA-MB-231 derivatives.	
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Supplementary Fig. 14. The expression of ENPP1 in breast cancer tissues.
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6 non recurrence A
7 recurrence B
8 recurrence A
9 recurrence B

10 recurrence A
11 recurrence B
12 recurrence B
13 non recurrence B
14 recurrence A
15 non recurrence B
16 non recurrence A
17 non recurrence B
18 non recurrence A
19 recurrence A
20 non recurrence A
21 recurrence B
22 recurrence B
23 non recurrence A
24 non recurrence A
25 non recurrence A
26 non recurrence B

Clinical information of breast cancer patients in NCC 	

Supplementary Table 1	

Supplementary Table 1. Clinical parameters of the breast cancer patients included in the study. 	
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Supplementary Table 2. Identification of miR-27b targets.	
Candidate miR-27b target genes that were up-regulated in MCF7-luc anti-miR-27b cells and down-
regulated in MCF7-luc miR-27b o.e. cells compared with MCF7-luc cells. The total RNA was labelled 
with Cy3 using the Low Input Quick Amp Labeling Kit (Agilent) and hybridized to a SurePrint G3 
Human GE 8×60 K array  (Agilent),  according  to  the  manufacturer’s  protocol.  Data  analysis  was 
performed using GeneSpring software.	

Supplementary Table 2	
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Supplementary Table 3	

Supplementary Table 3. Identification of ENPP1-regulated genes. 	
Genes that were commonly up-regulated in MCF7-luc anti-miR-27b and MCF7-ENPP1-MF cells. 	



Supplementary Table 4a: Primer sequences used for this study.	

Primer name	 Nucleotide sequence	

For qPCR
GAPDH Fw
GAPDH Rv
ENPP1 Fw
ENPP1 Rv
ABCG2 Fw
ABCG2 Rv

For cloning
Cloning for 3’UTR of ENPP1 Fw
Cloning for 3’UTR of ENPP1 Fw

ENPP1 3’UTR mutation Fw 
ENPP1  3’UTR mutation Rv 

TGAAGGTCGGAGTCAACGATTTGGT
GAAGATGGTGATGGGATTTC
GAACTTGCACAGATGCCTGA
GGGACATCAGAGGGTCTCAA
AGCTGCAAGGAAAGATCCAA 
TCCAGACACACCACGGATAA	

AAAGCGGCCGCAGAGTTAGAACGGAGCCCTCGG 
TTTCTCGAGGCCCTTAGGCCGTTGAAGAATGGT 
AAGTAGTTACTCCCATTGTCTGGATACCAGATATTTGAATCTTTCTTAC
ACAATGGGAGTAACTACTTCTCCTTTAAGAGAAGCAGAAAGGCAG	

Supplementary Table 4b: Details of constructs for miR-27b knockdown and overexpression.	

Supplementary Table 4c: The sequences of LNA for miR-27b knockdown.	

1. anti-miR-27b (miR-ZIP-27b)

 5’-GGATCCGTTCACAGCGGCTAAGTCCTAC-CTTCCTGTCAG-GCAGAACTTAGCCACTGTGAATTTTTGAATTC-3’
            
2. anti-miR-23b (miR-ZIP-23b)

     

3. Scramble Hairpin Control - Construct (for miRZip)

    5’-gGATCCCTAAGGTTAAGTCGCCCTCGCTCTAGCGAGGGCGACTTAACCTTAGGTTTTTGAATTc-3’

4. miR-27b o.e. 	

The sequence of hsa-mir-27b precursor was inserted.

AGAACAGGTGCATCTCGTAGCTCTTCTTTGGAAACAAAAGAAGCCACCAGCTGAGGAAGATGCTCACCGG

TCACCGTCCCTTTATTTATGCCCAGCGATGACCTCTCTAACAAGGTGCAGAGCTTAGCTGATTGGTGAACA

GTGATTGGTTTCCGCTTTGTTCACAGTGGCTAAGTTCTGCACCTGAAGAGAAGGTGAGATGGGGACAGTTA

AGTTGGAGCCGCTGGGGCAGAGGCCGTTGCTGACGGGCCGGCCGCTGCTGCACAGTCAGCTTGGGTGC

GGAGCGCGATCCTGGAG-3’	

5’-	

→ miR-27b-3p sequence	

5’-GGATCCGATCACATCGCCAGGGACTAACCTTCCTGTCAG-GGTAATCCCTGGCAATGTGATTTTTTGAATTC-3’	

Supplementary Table 4	

miRCURY LNA™ microRNA Power Inhibitor (EXIQON)

1. LNA miR-27b (hsa-miR-27b-3p): AGAACTTAGCCACTGTGA

2. Control LNA: TAACACGTCTATACGCCCA 
	


